Mining appears to represent an important threat to conservation efforts in Madagascar. Expanding mining activities on the island have the potential to provide revenue for development and conservation efforts, but also pose a potential threat to conservation efforts on the island due to the spatial distribu- 
INTRODUCTION
Mining has the potential to provide less industrially -developed countries (LDCs) with revenue that could promote development and reduce poverty, but expanded mining reforms are often unsuccessful in improving development indicators or national economic performance and lead to numerous harmful socioeconomic and environmental impacts (Miranda et al. 2003; Bridge 2004a; Davis and Tilton 2005; Haselip and Hilson 2005) .
Madagascar faces potential conflicts between conservation and mining management. Since 2003, the government's Durban Vision effort has sought to triple the surface area of protected areas in order to protect six million ha of terrestrial and marine areas (Norris 2006 ) on this threatened island biodiversity hotspot (Myers et al. 2000) . The Government of Madagascar and international financial institutions (IFIs), in the past decade, have also sought to promote a liberalized mining sector (Duffy 2005 (Duffy , 2007 Sarrasin 2006) . New laws liberalizing, promoting, and regulating mining on the island were enacted in -2001 , 2003 (Rép. Mad. 1999 , 2000a , 2001 , 2003a Colored Stone 2005; Weldon 2005; Sarrasin 2006 ) and these policy changes have led to an increase in mine permitting and activity on the island (Cope 2002; Rép. Mad. 2003b; Bridge 2004b; Mining Journal 2004) . Noted effects of existing mining efforts have included socio -economic and health impacts of uranium mining during the mid -20 th century (Hecht 2002) , socioeconomic and environmental impacts of gem mining rushes around Ambondromifehy / Ankarana and Ilakaka / Isalo (Walsh 2003 (Walsh , 2004 Cardiff and Befourouack 2003; Duffy 2005 Duffy , 2007 , and environmental impacts of certain industrial graphite and chromite mining operations (Rép. Mad. 2003b; Felena 2006 ).
The new mining regulations gave some consideration to environmental impacts of mining. The current mining policy requires that mining entities conduct environmental studies and plans according to the types of mining activity and permit requested (Table 1; Duffy 2007 ). The Ministère de l'Energie et des Mines (MEM) can also declare certain zones as reserved in order to protect conservation sites, sites with fossils, or other sites decided by the MEM (Rép. Mad. 1999 , 2000a . Due to perceived problems with the mine permitting process (Rép. Mad. 2003b (Table 1) and current and potential protected areas and mining -exclusion ("no -go") zones. We also assessed temporal change in potential conflict between conservation and mining objectives, and examined how new temporarily protected areas corresponded with previous protection plans.
METHODS
To establish the locations of mining permits, we acquired the (Table 2) . Gold or ilmenite featured as the most commonly permitted primary substance for several categories of conservation areas ( Table   2 ). Most of the permitted surface area overlapping with SAPM areas was under research permits (R; Table 2 ). Surface area of overlap of mining concessions with the combined SAPM areas represented only 6 % of the total area in the country with 2006 -listed mining permits.
Most of the mining -exclusion zone surface area with overlapping 2006 -listed permits was also under research permits (R; Table 2 ). Approximately half of that overlapped area consisted of zones that were excluded because they were conservation sites (Table 4) , and these overlapped conservation exclusion zones represented 16.8 % of all conservation exclusion zones by surface area (Table 2) (Figure 3 ; Table 3 ). Most planned 2006 SAPM protected areas, however, had yet to receive temporary protection by 2007 (Figure 3 ; Table 3 ).
DISCUSSION
The area of overlap of actual mining concessions with areas that were listed as mining -exclusion zones and current and potential SAPM protected areas suggests that current regula- (Rép. Mad. 2004 .
• The duration of permits granted in areas of conservation concern and the potential high value of the gold to be extracted suggest that granting those permits may not have been a temporary mistake. small (PRE) and large (E) exploitation permits also overlapped frequently with conservation areas.
• The temporary protection granted to some new SAPM areas may expire prior to granting of permanent protection (USAID unpublished report) and the extension of the ban on permitting in the exclusion zones will expire in 2008 (Rép. Mad. 2007 ).
• Some new temporarily -protected areas are smaller than originally planned, and five of the areas that were originally scheduled to receive protection in 2006, and that had overlapping mining permits, had yet to receive even temporary protection.
• Granting of exploitation permits may exclude conser- • The "governance state," consisting of a combination of the authority of the state, IFIs, development agencies, private corporations, and NGOs (Duffy 2006) , has failed to adequately manage and limit impacts of existing artisanal mining efforts, which can accompany or follow large -scale mining (Hilson 2002) , at several locations in Madagascar over the past decade (Walsh 2003; Rép. Mad. 2003b; Cardiff and Befourouack 2003; Duffy 2005 Duffy , 2007 . We did not assess the impact of smallscale artisanal mining but this sector may expand in conjunction with the expansion of the overall mining sector and have significant conservation impacts.
• We did not consider overlap with protected area buffer zones or locally -protected areas in our analysis, but such overlap could threaten conservation around and within those areas.
• Freshwater aquatic biodiversity on the island may suffer from mining activities given that Madagascar is classified as a country that is very highly vulnerable and predisposed to water quality problems from mining and that water pollution and over -use are common consequences of mining (Miranda et al. 2003 ).
• The expanding off -shore and on -shore petroleum extrac- 
